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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a growing method for a 
high-quality 

single-crystal III-V compound semiconductor with a low 
density of crystal 

defects, and a semiconductor device manufactured by using 
the method. 



SOLUTION: When a nitride-based III-V compound 
semiconductor, such as GaN is 

grown on a substrate 1 made of a material like sapphire 



which is other than the 

III-V compound semiconductor, a growing mask 2 made of SiO 
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(57) [SSft] 

1 1 1 -vis&&mmfo£fiL&Zit2>ztWT$z>m 
«s 1 1 1 -vmt^wmm>^S:ijmi3ix/zco 

im&^m v-7tj Tm&z<?m.wm 1 1 1 - 
vm&mmw. tmKhvtm^hmL i ±to a 

N&fc'coM&iiU I I -VMtiisWmmmkZik 
*Kl±fcS i 0 2 &^>S i NK3ri:*>/i,5r 
£jfcg-7X:?2£[t83Bj£U -£<9±tMOCVD8?5: 
iffcJ; DMfl3BjS I I I -v|t^Wifl;fte?t 




(2) 

1 

[ 1fftfSS#)3Slfl ] 

imm 1 1 mmik 1 1 1 -vmc^mm-mm. 
mm 1 1 1 -v^i!iwmfctm%&mfrt>%z 

«W«Ej3»t*..±ESMSIWi.i I -v&fc#B»¥#ft 

s^fc^;msfc-rsif*«i^c^fl:!&^i i i-v 
imzmi istimvxwmmfozttzimm* 20 

[S*«5] ±IEfi£*VX^{iS i o 2 tJtttS i N 

imgmei ±smm±*7T4TW&„ s i cm 
hwmim&wm&i 1 1 -v^^fe***^ 

1 1 i-vjML^mmm&m^xoizLtz^t 

I I I -Vftft£!||^fc£j^£-es XoizLtiZt 

imzm ] 7 0 o*cuLho^ias-c±SMfl:^ 
zmik^&wmmmtnmfflmi 1 i-v*Hfc& 40 
[1S*JS 10] 75 ortLho^ag-c±£g-ft;!B! 
t£i&WLti'mmiimi<ommi&i 1 1 -v^t 

1 1 1 - vrntirtb^mfozmwrn 
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2 

tm&i&m&Mmi 1 1 -v^ft-^^^ 
imm 1 2 j 1 1 1 -vmitizwmfr* 

i=9hbwr 1 1 1 -vie&&wmMm&ztix\->i 

[0001] 

u wc, aftHAi 1 1 -vmfcswmmm^ti 

[0002] 

0. **>SMttfittl. 9eVH6. 2eV{CM->T 

*3 0. *«>IHW^fc31fcWvO*4. £*>G 

Ktt£»->*0*4. -T=5:i>^. GaNtf)ft«ifff&gtt 
V)2. 5X10' cra/stSi, GaAstJitfSi 
Cfclfc^T** <, KStWiH5x 1 0 6 V/ 

njimnTmmTotmk Lxxzz^im&tfryz. 
[ 0 0 0 3 ] t £*e, Httfg«o¥#tt§sg£ 
&n$m.mmiizwmx'bh. s»»GaAs 

tilO 3 cm-itTFT'W. £*l£ttU GaNMi 

<W4. 3MW-7t4t*s i c&kV)te?£SOTJI&.s 

O^cm-'gSkStoT^VV GaNi&¥#flK7>tt® 
±. tcn®fe<^M&Mtf&£th Hz fc irt>>fr 

[0 004] Ifryjtffi^ *£fi^ffi^=5:^GaN^ 

&#cvm&mc?miim£tfmmztixzx^&. & 

iZ. GaNi^flcU— fOJUMWfcfcni. GaNlf 
[0005] GaN*^«««0JSAia«{Sa<0fe«X0^ 



3 

xnumiz^vz . GsiNimizt r,xmmtt. Ga 
$>tix\.^ cwry r^rmmtG a n t <nm-m^ 

a N£jfcg§-e*: t ZiZZCOG a NB*trS3&Jgtf9i&f| 

JWattSIBt^Tv^. a*, s i cg«ii 

S i C mg±tZftL&2tt:G a N«i c T 4 7£ 

mbtiXUZ. GaN<7te£kXMm<7)fciibc?>m2coi3 
mi. mffi&mffitm\>^ZtT$>& (J.Crystal Gr 
owth. 144 (1994) 133) . Z (DltmXli.. c ffl-9"7 T A 7* 
filfcjtfctS i C£tUD£&&frl^MitlA0GaNJ|£ 
mtT*J#. *co±tS i Oz m-S i Nlga^&S 

iivx ? zmm lkw&x i m b»g a N^jfegs-f? 

cOGaN«±t«ftL^GaNtg^«*|pJ(C (jfcgV 
x?±t)EtfTi9><fc£. Tifct^l^JStfi-iSWl 

±tj£^L^G a N^tti o m&ikmmg.vUh&m: 

s Sr)fc6£-£Sgffi (GaAs^ySiafitBcHJ) Tffl 
t^fLT^JttW-C&S^ ^GaNcoi&fyfcfttfc 

( Jpn. J. Appl . Phys. , 36 (1997)L899) . 

[0006] ±jfc(T>G a NO§iRl£«S»tonT X *) 

■txoiz. mm. cm*7T>(Tms.io i± 
iizmx-K 5 o o~6 o orgjgcoffis-e«;*a*w*.(£2 

0~3 0 nmCDT*/l'7rX;R<0GaN/\>7T/l£fc 

ioo orsjs4T±#$-frr 

£^G aNA./7 rfl£^xt?*;^;Mfcftt«J: *) 

tNM:$-&, fes&^:tr&#<?-6 o^eaoG a urn 
mmxmggff io'«cm-' wgomtahoG an mi 

02##&;h.S. <fct, .TOGaNJll 02±tS i O 
2 Jg=2r x h ^ >f T«ttff5jfiS-?x ? 1 0 3 £ 

looox^soasr^ia^M^^ffljs^ 

£ (HVPE) J6fcJ:9GaNtjRftS«4. -fSi, 
l8M~?X?xm&tlX^%^mn&C0G a NJf 1 0 2± 
tjfcfiLfcGaNfc^fijfcgtioTJfcgVX;? 1 0 
3±tj£#oT«9>£. GaN£J>£gg<7)S3 v 
tf. ^X?H<92~5fgOJP;5 MLt£. 8-2 0 At 
m) , 1 0 3^MlnA^6tl 

3T|fi]JfcfcLfcG a NfelH±j^l/caanfrJ|i|&a 
WGaNJf 104**Jfcft-fS. j£*VX:?l 
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4 

0 3Jttf)GaNJ110 4<7)*&&^ 117^103 
OHnlUiOG aNfl 04 gmEfiftflttrMcAftf 
->T* GaNfll0 4^fcL?OlttUraPIBft*- 

6. 

[0007] 

[l&WiSfcLJofc^SfRja] LfrLfca*^ -BfcO 
Xbhl>V«r>. ft0>£5%X)!ittlX^&. ttb 

*>.mnz. m&£KffiK*#&fiaGaNjiio4 

10 £A£3-fr&fcK>lctt v *£>*>ti6cffl-9-7WT£« 

1 0 l±£JPJ&i0>G aNJf 10 2 £JB£LT&<£B 

2t. GaN«104OgiRfiJc£*i, ftft-?X?103 

<9#§i§P&a»£>Jfc6L;fcGaNJl 1 04<?5HffiH±A^- 

<GaN*H02***3*SfWUaPfir^5afV\ -Ifl 

[0008] Lfcttix. zmmosmi. ms&x 

^m&?xhXTiL&2-tzzt&TZi>m.im>&i 
1 1 -vmititt^{fa&mm&£TSZ(Dfomm 
m^xw&zix&^#mmmmti> z 1 1* s . 

[0009] 

30 [0 010] fim*t<fcSGaN>'N*y7rJi& 

t <t o i o o ox^so^ias-cG a twtz&smz 

fTOl£&tZ'O^X3g&t&. Z<F>W&. iSLtGaN 

r a rwsmm\Lmm^zm--th g a^Nbcom: 
i&Bzmawbt. ~$-%b*>. V7T4Twmmx<n 

GaW^iKTOiK, -e«0fe*Ga^N^ffii 

t. -9-7 r >f Ta«^ffit©«t4^$it4*gSS{i, 
. i;{f^t^ftLTV^^«) N 

—o-O0>l££l&X'M.& fc G a N<O^S^ft<7)3ti6«OjS 

GaN*»'3»5cWtJr 0SSt-3^^SS%74' P^fcfc-j 

[0011] Lfc44T. ^ffl^TO^GaN^SrHI, 
50 fcU. -9-7 r -f TfflS^iBOitSa^^jgS-JEeiWt^ 



(4) 
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jyag* ioo ox^.iz±n^xmmm t . t 
m£&mfiiiimm&<02&7csiimfr\,K maim 

io 9 cm-*w&<rx&&m®mt%h. 

[0012] PAkimasmtz* 5Ga NA-y y rJf£ 
*?-eSGaNfcJ|$:Sffig<0«8L mtf-9-7r>fr 
W7 r -Y TgfiLtfcG a N<7)jfcR£ff 3 

f>»ffifcj5tf&G atj XVNeMM&X *) i>/h§ < #5 

Bffcft^L^GafcJrVNtatiaSScfcJ: DjfcKv;*;? 
OBlPSStefctt* fflS^Stc^Mf-S i 3 ^ (a 

U GaNOjfcg£?r3#\ Zcom. Jfcgvx^ogflP 

<^&wf#mzf8Lm-h. «g7^^«sp 

Xbhtdsb^ ^•rSGaNScoSfflti^LtTOt 
\i. fc&^xfnxvJJT^mzft-oTI&m&yu 

X9±\iZimt h G a Nfefil^tf^fcLfctfoT 
[0013] JJLhcDiat. GaNt^Sfigcoa« 50 



WiztmZ G afcj NO&ifcg,k 0 < J: a 
izm&L. -eoWffiTGaN^fiSrfi^^fcfcJ:'). 

fci 0 » ffiiSjfcftfc: J: SGa •>/ y rS<0i 3 

rxm$:ms±< l z$>t!>i)*tif>f8.g : Zit& £ i&< . 
1 Eco^T^B^JH-CffitSfiidi^fSco^ifefBOG 

[0014] £<D2S9J»;i. *mmizXhW±<r)iLo% 

mitzm?ux%s£i*iifr%>0)T'hh. 

[0015] -t%b*>. IMim&imtZtiMz. Z 

ommmicrmui. mim&i i i-vmti&s* 
mmwwmi 1 1 -vmft^mmtotmzttm 

-vmtemmftam&imizis^x. a«±mfi 

VX^^fi«^^L7t«®TS«±fc^t!ft^I I i- 

[0016] z<mwcr)m2<7ttm$. sum i i i 
m 1 1 - vmt-&fa¥mm*&g:2tix t ^ ^ 1 

[0017] d^HHtcis^TJi, ^ftvx^<0SPa 

fcfc^a^KJbfc^b!!*^ 1 1 1 -vm&wm#£ 

MSimZ -t&Zt t> s X'% S «t 3 IZfm ^ 5:^ 

u«<rm$.t^&zt&x'%. <mtzfbix&5£?zz 
ttfx-z&tf^ mma±. wsuzftLx-wsuzmf 

=5:< 1 1 6 1 0"CULh. »3{C«6 5 0-CJiLh. «fc •)» 

Jitcti 700 miu $ ^ K»attt 750 x:wlIz& 

[0018] ^cO^Hgtfc^x, ^7X?<WSfc L 
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7 8 

xu. 1 1 1 - vmit^mmmm^ s x *> g a Nmomimt:*t. 

fcSfc*»±*:;«>SMiawi 1 1 -vfttt#fe¥#ft [0024] ^comic^flsgsttjv^i. ^-r. m 

aW**Wrvv&\ S>SWi. ^=5r<ti>jS^Uc<wH ltJJ:t/02(^rJ:dtc. cffi-^r-frffiSlifc 

fl#JHv^*u ASWta. l^mifcfcttlglift. Aft mtfcvDiSfci *} s i o 2 JH2*«WUfc». 

Wfc«Mt(fB!fl:^'j ay ( s i oi ) *fcHHfc^y s i o 2 JS2S-U y^?? < -m&XV^v +>?mz 

ay (SiN) tfJHv^fiS. 4fc, SfifcL-Cfci. If i0cjf!T7r>f71Sl©<l 1 - 2 0 > ^fflfcgtf 

- --^ LTOS i O2 &2<9 

[0019] .rw&HBfcrtivvc. mmtzli. jfcgvx BWi tWSjfcgiagt;:** U zws i o 2 |g2 

iass-±#$*T^!B3^ 1 1 1 -vmtiswmm matn. jumeu, £<os i o 2 js2<oewi 

fcf. j£*VX:7c9li§PSB(C;mt£«^fcM&i& I I mt\il. 5umtS-h. ifc. ,T<9Si0 2 Wk2<T)W 

t#<0^SS«6 10~8 0 0-Cfct. *?>&<OJftft TWSiOi ^^jSbfccffi-^T'fT&BU^ 

SS*li9 5 0~10 5 0lCfc-r£„ I^MtfifSti ( SEM) ?*Jit„ 
[00 2 0] i«WHfcfiHT. I I-Vfc [0 02 5] iKfc. jftSv^t tTOS i 0» J82# 

<ktNt**. ^Ci-stS^ICAs^iP^ (H 2 )fcJ:tfg£(N 2 ) £<£*t-r*lS»8 1 /m i 

tivmxmt ^cogfl:^ 1 1 1 - vjfcfts- n fc i# 7 1 /m i ntttfetw 1 0 5 ox:. 10 

mmtonmmz mr & t.GaN.MGaN.A mmnsmi^x c wry r 4 twsl 1 <vmm 

IN. GalnN, AlGal nN. I nN%£Th -V/l^ 'J-->/*tf JfcSi&KiT'SScSJg 

[0021] ±McQ£olcm&Ztlt:Zcr)mi£ti^X (NH 3 ) fcitfHJ^f-^vyy^A (TMG) ttti 

tt. fflRJbfcJ«fi-7X^^ft®«L^«®T'ffljLhfc: -fflsSfil 0 1/m i nfcjtfl OO^mo 1/mi n 

ftSM I I I -VMlim^tt£iltftjfcft£-£6 -It 30 [0026] jSKtoMfcfcV vCtt. 03 fcjj** X o fc, 

#-C#SJ3fc:jfc£vx?£»jacU ifc. ttfi&K* S i0 2 JR2^a&££»?icW9-7r4 7£Kl0> 

S^ClttCiO. JftRMcU* £1\ JfcftVX7<7)gi§P WCGaN^aSB^cffi^^r-fTSSK^teS 

A^ffi»RoT^Kr^$ii«HAttQifiA(c i 0 S'-wwt**-* . £<ofc # . s i o 2 ft2co«iffci>tt 

f£*VX?<AglPgS#il#>£>;tu <J:V>-Ce*|6j^**c; t J: SGaiJitXN<7)fi£iS;^ < r<JDS i 0 2 M2cO«B5<7)tt 

L^tSAR±0^f|ct. Cicoio S i 0 2 K2(7)^Hfe:Ma«t3«^ii:^^:^^^L^: 

fcLT«fiswtaflfl« 1 1 1 -vmto&mmfc -r%b*>. tsftS3u. s i o 2 K2conpa{fctj 

t±. *nmifa&&nfer¥X'TWJ>&\ tm&tih MM (t4 c Wfy r A TW6L 1 ^BtfflKWtc^tl. . 

«Kfi=5rf:^SXPB* J «iH-S^tfc:J:0. (^Sf H ^ 40 [0 02 7]«»«Bii:i:tt««iltt3*WfiU 

msvA^srir^jeL. <eo±icSftflteR 1 1 1 - s i o 2 m2ffMu^\izanhcwryrA rm&i± 

VgHfc^W|s»*t*ft8**«WTJ:v^-C, JR«4 W$ff#l&a^GaNE4;m*-$-S. Clcot^cOGa 

lHTaFO. N«4^fflJ4ai^ DPfl*Wt*Bfc*o-CV»*. 

[00 22] [0028] ZMZBlffSim&t&t. 05fc^-J:3 

[^o^te<o^©] jar\ ^^ffiHo^isis^sfcov^ t:. GaNJi4^ffi*Js i o 2 m20aaBkam- 

tCii^T. H-4fctt»«Jt*«HcttH-«flP»*ft [00293 CW»ATlWMKfr0!i.Hf 1 0 0 0XM 

Sfc±#$-ar. TMG«g£Jt5-^Jf3 0/zmo 

[0 0 2 3]BlHa8tt^O»»aKl^||tl»Sfi: 50 1/mi nttT. GaN<0«ft$-^tS. initio 



T. 06 IZyfrTXdlZ. GaNJl4WU JPSSriiUttf 
t>. s i o 2 K2oliiri6|^«Ui&i^t:j: 0 s i o 

2 M2±tCijfcgLT>9><. -rcOB^Tk. Ga 
N«4^ffifctt|Hfl#fiRfeLT^£. GaN«4*^2 
xtmSS<7)ff$4TKft-r-6i:. 07fcjjcf i. 3fc. G 
aNJ^^ffloEJflJi&fcytfc'SK&s. i^i^fc 
LXf&&Lt:Ga.Nm4<rMm(rmJ3ffl± {1-10 
1} fc&S. 

[0030J Ga.Nm40)fm&Zt>lzmtsk. SiO 
2 M2<0#^PSJ*^«tfir|fii^LJtGaN^4Ndb*« 10 
ZKL.<rMmX"&WL^ GaNa4(0W$* J 6j«mgS 
fc^roJt^f, 08fc^-yM:3fc:, ^ffl^ffl^te 

[0031] 01 Ofc. ft*JfcGaNA>y:7 7Jf£j&g 

mcmm (mom *fw&K£fr^fcGaNJi4<^ 

»>SEM^5r5j^\ HlOiO. SiOz &2<Dg§ 
rfflOMfrhZdS i O2 Jg2±^<DGaNJI4<7>flfc6- 
|6BRS36«a4>*l6. i<7)^-. GaNJl4<DlUi2. 1 20 
/im-Cfc 1 )* —Jr. Si02 K20§8PgStf>dW2 « 
1. 5jumT*6,Ifc3&^ GaNf4liSiOj jg2 
«O^Pg80||«iOSi02 K2±fc-?-^il0. 3jum 

Na4{ir^7r^-C<±^<, cttEiSjLfcJ&fra 

[00 3 2] GaNH4<0SiO2 Jg2±^4>$ 

;£ri&IJfcg#&a&£'CSi02 K2±fcliGaNJl40D 

Si0 2 IS2c0^ffltt5JtSGat} < ttXN<OteaS 30 
fctfi££SJK7 5 OXJ-Ctt** < 1 *> 3/imjajL?fc4fc 
MS. Hfcff-afcS»Mcj:4fc % 3 0 0/z 
m^<^S i O2 K<J5*ffifci^<«faj*Ja^it^*>ot 
Zbfrt>* ^SjS7 5 0'Cfc:i>»tSGat} < J;lXN^ 
ffc^tt 3 0 0 //m£LLT*S . 
[0033] Jt«<?D3ti6tC. Jfcgl&g£ 5 0 O-Cfc LT 
GaNJ14£0. l/<m^VS|ftSd«X:2:C:4. Si 
O2 182<7«S--£tr£Eafc:GaNJl4#j£^U gft 
ttttft6*l&*»ofc. 01 lfc-5-0)fc£<7)GaNJf4(Z> 
SEM^X^T. £ftM££&ft£6 0 0T;2:l,TG 40 
aN«4£0. lumff)&Z!8M2tttZ6. JfcgS 
£**5 0 OT^Mi^fclWLTItfi&FflOSafcbtS < 
^ttO S i o 2 &2<o«ffi£-gtr£Wfc:G 

•3 , J££&£6 0 0"CC<0G ajs«ktf N£)|£ijU|li 3/* 
mfelT"C&Si:#i.ii>ill>. 01 2£<£tf5fci'<7)GaN 
«4?>SEM^£ij?t„ 

[0034] UUkoJ; 3 iz. zcvm 1 aXNHMK: £*i 

tf . c B-9-7 r >f TS« 1 ±(Z)£g7X ? i: LT«D* h 

^-fr^<osio 2 it2*i898ftu ■Kot^.rcD 50 
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1 0 

S i O2 M2«om£jfcl|fi£fcfc{t&Gafc JtfN<^ 
ftfiJ:Ofc*<U <raSi0 2 K2tt0ft3*i*:cli 

Og,a®«7)*tS^cOG aNg4 hTJfift8-fr& 
[003 5]&fc. ,1 <r>$m<m 2 tZggffigJRfc: <£SG 

[0036] z<vm2<7ymmmzts^xn. @5<c* 

-T#«;fc-CG a NJf4£jfcR3 jfcftiaK£8 
5 0*CfcU H 2 <7>S»£0. N 2 <Z)S»£15 
1/min, TMG&&££1 5 0;umo 1/mint . 
f*. *tf>». 10 0 0 < CgSt±#$-fr5 

ttfcfc. TMGOi6*£ 1 5jimo 1/mi nfc«£> 
U GaNJf4<0jfcg£ftd. iiT. 05t^t«S 
«TGaNJ|4«JftftS««j:S|cHt tf>SL££0fc-r 
S<Ott. JfcKi&^8 SOrfcitBEft^v^fc*^ j£ 

H5K5rrttB*'CG aN!4 S-jfcgS-^&tTMG 
?>8»Sr 15Amol/mi ntS&^i, fil«A 

[0037] znm2<rmimmizj:-,xi>. mem 
mm t m&m&&%h z t &xz & . 
[0038] z<7m%m3ffmmm!iz£hG 
a Nmm&is-^cowmxmiz^ ^xmrn-tz . 01 

P— y{±. SCH (Separate Confineient Heterostruc 

ture) ffijt^^rr&t^'Cfcs. 
1 0 0 3 9 ] .r «gi3 ^senaRifcijuTii. 0 1 3 1 

T<0Xh7-f7"^«c7)Si02 «|2£ig3gj£U -M) 

^ISb^G a N«4 &^Jgfc LT*ftS*tffc. 
mvtMOCVDSfc:J:lJ£e>GaNJ14±fcnffiGa 
Nny^^hfl5. n!AlGaN?77Ki6. nf 
GaN3ieS»i7. MitfGai-, In, N/Gai-, 
In y N^Sjl^#F«Jtc7)?SttS8. plGaNM 
ifel9, paAlGaN^7 yH«10fc<tlJfpSGa 

hnmVfYVIttKh G a NJI4 **®tg^PiSfS(Oi§A 

m£&(D&8me>m?i&t%&. zzx. 1 nt*** 

^STS>SnaGaNny^^hS5. nlAlGaN 
^7-yKJi6. nSGaN3(^»«7. plGaNM 
««9, pSAlGaN^-yh'JllOtiitfpaGa 
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